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Introduction
There was some progress on grant-free transmission in RAN1, which was indicated in their LS to RAN2 [1] as below. 
	Agreements:
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.


In addition, there was also some progress in NR SI, which is captured in RAN1 TR and copied as below (marked in yellow). 
	[bookmark: _Toc477853015]8.2.2       Scheduling
NR supports both data and control with the same numerology. The same-slot and cross-slot scheduling for UL is supported. Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values and the set of values is configured by higher layer. For slot-based scheduling, UL assignment in slot N and corresponding uplink data transmission in slot N+K2 is to be specified. The timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE. Both contiguous and non-contiguous resource allocation for data with CP-OFDM is supported.
At least an UL transmission scheme without grant is supported for URLLC. Resource may or may not be shared among one or more users. Also, an UL transmission scheme without grant is targeted to be supported for mMTC. For UL transmission without grant, the resource configuration includes at least time and frequency resources, modulation and coding scheme(s), possibly including RV, implicitly or explicitly, and reference signal parameters. For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions  for the TB until one of the following conditions is met.
-     If an UL grant is successfully received for a slot/mini-slot for the same TB
-     The number of repetitions for that TB reaches K
-     Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa) 


According to RAN1 progress, this contribution gives our understanding on the difference between grant-free transmission and SPS.  To reduce RAN2 standardization work, our principle is to try to unify the SPS and grant-free transmission as much as possible. 
Discussion
· Characteristics
According to RAN1 progress, Table-1 gives our understanding on the characteristics of grant-free transmission.
Table-1	Similar functionality in NR/LTE
	Characteristics of grant-free transmission
	Similar functionality in NR

	1/ Async HARQ operation
	Dynamic scheduling or SPS operation

	2/ Semi-static resource configuration
	SPS resource allocation

	3/ K repetitions for one transmission
	NB-IOT/eMTC SPS transmission

	4/ L1 activation model
	SPS activation model

	5/ RRC configuration model
	Pre-allocated grant in RRC dedicated signaling, which is used for RACH-less HO in LTE

	6/ shared resource across UEs
	New functionality

	7/ target: reduce/skip UL scheduling latency
	One motivation for NR SPS  



· Activation models
In RAN1 LS, there are two grant-free transmission activation models:
· L1 activation model
As indicated in Table-1, the whole framework is the same as LTE SPS, especially on the shared resource aspect,  RAN2 also agreed on the benefit on shared SPS resource across UEs, so the model and operation is totally the same as SPS, at least from RAN2 point of view. Hence, for this model, grant-free transmission operation is same as NR SPS operation, which is described as in Figure-1. 


Figure-1.	NR Grant-free transmission/SPS operation (L1 configuration model)
Proposal 1: NR SPS operation can be used for the grant-free transmission in L1 activation model. 
· RRC configuration model
The model is similar to the pre-allocated grant and transmission operation which is introduced by LTE RACH-less HO, which carries the L1 grant in RRC signaling. In general, the operation is similar as SPS operation, but there are two issues especially for the RRC configuration model compared to the SPS operation as below, and the Figure-2 gives one example. 
· Issue 1: grant free resource situation during the RRC reconfiguration ambiguity period
Since the grant-free resource is allocated by network via RRC signaling, the grant-free resource is reserved in network side when network transmits the RRC signaling to UE; and UE can use the resource for transmission immediately upon receiving it successfully. The ambiguity of start time of the network side and UE side is allowed. 
· Issue 2: grant free resource occasion pattern
Although the starting point of the network and UE side can be misaligned, the grant-free transmission occasion should be calculated for alignment. For the LTE pre-allocated grant, the occasion should be kept as fix pattern for each 10ms. So for the grant-free transmission, the grant-free transmission occasion should be also kept as fix pattern within a certain period, e.g. 10ms. 


Figure-2.	Example of NR Grant-free transmission/SPS operation (RRC configuration model)
Hence, for the RRC configuration model, most characteristics are similar as SPS but the active time point and the occasion pattern restriction. 
Proposal 2: NR SPS operation can be used for the grant-free transmission in RRC configuration model. The active time can be misaligned between UE and network, but the pattern should be fixed within a certain period (e.g. 10ms). 

· Shared resource and HARQ retransmission
For the shared resource allocated across UEs, some solutions were discussed before in LTE, e.g. UE specific DMRS used for UE identification, and in case of failure, network performing UE dedicated resource allocation for HARQ retransmission scheduling. And similar solutions were discussed in RAN1. So for RAN2, the topic can be postpone and wait for RAN1 further progress on it. 

Conclusion
According to the analysis in section 2, it is proposed that 
Proposal 1: NR SPS operation can be used for the grant-free transmission in L1 activation model. 
Proposal 2: NR SPS operation can be used for the grant-free transmission in RRC configuration model. The active time can be misaligned between UE and network, but the pattern should be fixed within a certain period (e.g. 10ms). 
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